Introduction
============

Humans are exposed to toxins by consuming foods contaminated with products of fungal growth throughout life time. Since prevention of fungal growth in foods is difficult, such exposures are not easy to be avoided. Foodborne illness caused by microorganisms is a large and growing public health problem.

Fungi have been found to contaminate a wide variety of important agricultural products worldwide. Fungal metabolites have toxic, mutagenic and teratogenic effects ([@b1-ijph-41-42], [@b2-ijph-41-42]). Mycotoxins have received considerable attention due to their significance in agricultural loss and human health. Amongst the mycotoxins that are known to cause human diseases, aflatoxins have been studied most ([@b2-ijph-41-42]).

Aflatoxins are a group of mycotoxins produced by strains of *Aspergillus*, especially *A. flavus* and *A. parasiticus*. Aflatoxin has been found as contaminats in agricultural and food products especially in cereals and cereal products ([@b3-ijph-41-42], [@b4-ijph-41-42]).

In numerous studies, wheat and wheat flour contamination has been considered. Caldas in 2002 analyzed 366 food samples including cereals, peanuts and rice, and reported that 19.6% of the samples were contaminated with aflatoxins ([@b5-ijph-41-42]). Aflatoxin B1 (AFB1) is the most potent hepatocarcinogen known in mammals and is classified by the International Agency of Research on Cancer (IARC) as Group 1 carcinogen ([@b6-ijph-41-42]). Aflatoxin B1 was detected in 8.8% of 352 cereal samples at concentration below 26ng/g ([@b7-ijph-41-42]). Halt detect AFB1 in a mean level of 16.3 ng/g in wheat samples ([@b8-ijph-41-42]).

Iran also conducted research on aflatoxin. 63.7% and 2.54% of the samples were contaminated with *Aspergillus*, and aflatoxin respectively ([@b9-ijph-41-42]).

Due to the toxicity of aflatoxin, its presence in flour and flour products and its effect in public health, this study was conducted to determine the level of aflatoxin and factors affecting aflatoxin formation in wheat flour in Golestan Province.

Materials and Methods
=====================

This cross-sectional study was conducted in 2010 in Golestan Province, northern Iran. According to the Institute Standard and Industrial Research of Iran No: 2836 (sampling of agricultural products), a total of 200 samples obtained from 25 wheat flour manufactures in the province. To determine the seasonal effects on aflatoxin contamination, sampling was conducted in two stages, the warm season (mid-summer) (100 samples), and the cold season (mid-winter) (100 samples). To determine the effect of environmental factors in aflatoxin formation, characteristics of silos including temperature, humidity, and storage duration of wheat and flour were recorded. Storage duration of wheat was defined as the time between delivery of wheat to silos and the time of flour production. Storage duration of flour was defined as the time between flour production and the time of sampling.

All samples were stored in plastic bags, taken to the laboratory of biochemistry of the Golestan Medical University and kept in the refrigerator for maximum three months after sampling. HPLC (High-performance liquid chromatography), and immunoaffinity chromatography were used for aflatoxin detection.

Aflatoxins were extracted from 50 g of sample using methanol: water (80:20 v/v). The extract was filtered. 20 ml of filtered solution was diluted, centrifuged, and filtered, then the mixture of the filtered diluted extract (50 ml) was applied to the immunoaffinity column (LCTech, Germany) and allowed to flow at rate of 1 ml per min. Washing with deionoised water was done to remove unbound materials. In the next step, aflatoxins were eluted with 2 ml methanol. Sample was injected into HPLC for quantitative determination of aflatoxin B1, B2, G1, and G2.

Then the samples were passed through affinity columns and extracted samples were measured by HPLC with C18 column, with a mobile phase consisting of water / MeOH / acetonitrile (60:30:15, v /v/ v) and the detector wavelength 440 nm (emission) and 365 nm (excitation).

Only aflatoxin B2 and G2 were fluorescent. Photochemical reactor was used to convert the wavelength of the absorption of aflatoxin B1 and G1 in the wavelength 254 nm for detection with fluorescence detector to derive quantifiable. Aflatoxin assay by HPLC was done after fluorescence detector extraction with photochemical reactor.

Worldwide regulations for mycotoxins in food and feed (total aflatoxin: 4ng/g and aflatoxin B1: 2ng/g) ([@b10-ijph-41-42]) and the regulation of Institute of Standards and Industrial Research of Iran (ISRI) No:6872 (15 ng/g for total aflatoxin, 5 ng/g for aflatoxin B1) ([@b11-ijph-41-42]) were used to determine the permissible limits of aflatoxins in wheat flour.

SPSS-13 and STAT-8 were used for data analysis. Pearson correlation test was used in order to examine the relationship between quantitative variables and for study the relationship between qualitative and quantitative variables the Student *t*-test was used.

Considering that aflatoxin B1 was the most important and toxic aflatoxin of wheat, multivariate regression analysis was used for study the effect of different variables on this type of aflatoxin.

Variables with *P*-value less than 0.2 in univariate analysis were entered into the multivariate analysis. *P* values less than 0.05 was considered significant.

Results
=======

A total of 200 samples were taken from 25 wheat flour manufactures in Golestan Province (100 in summer 100 in winter). Characteristics of silos at the time of sampling are shown in [Table 1](#t1-ijph-41-42){ref-type="table"}.

Results showed that the incidences of aflatoxin in wheat flour in summer and winter were about 99% and 70%, respectively. The levels of total aflatoxin and aflatoxin B1 in all wheat flour samples were within permissible limits by the regulation of Institute of Standards and Industrial Research of Iran (ISRI) No:6872 (15 ng/g for total aflatoxin, 5 ng/g for aflatoxin B1) ([@b11-ijph-41-42]).

Mean and proportion of contamination of wheat flour samples with different types of aflatoxins in two seasons are shown in [Table 2](#t2-ijph-41-42){ref-type="table"}. Mean (SD) of total aflatoxin in samples in winter and summer were 0.99 (1.96) ng/g and 0.82 (3.05) ng /g, respectively ([Table 2](#t2-ijph-41-42){ref-type="table"}).

Aflatoxin B1 levels were detected in 3.1%, 7.4% and 5.2% over permissible limits by worldwide regulations (2ng/g) ([@b9-ijph-41-42]) in samples collected in summer, winter and total samples, respectively. These values for total aflatoxins were 3.1%, 12.6% and 7.9% (regarding the permissible limits by worldwide regulations of 4 ng/g), respectively.

The relationships between aflatoxin levels and humidity, storage temperature and storage duration of wheat and flour in two seasons are shown in [Table 3](#t3-ijph-41-42){ref-type="table"}. We found significant relationship between the levels of aflatoxin G1, G2, B1, B2 and total aflatoxin with the temperature and humidity of silos in summer ([Table 3](#t3-ijph-41-42){ref-type="table"}).

In winter, wheat and flour storage duration and aflatoxin G1 were significantly correlated. Aflatoxin B1 and total aflatoxin was significantly associated with humidity in the winter.

The results of multivariate regression showed that humidity of silos had the strongest relationship with levels of aflatoxin B1 in flour samples (Standardized beta coefficient=0.25; *P*=0.04).

Discussion
==========

The results showed that the incidences of aflatoxin in wheat flour in winter and summer were respectively about 99% and 70%. Aflatoxin B1 contamination levels in the winter has seen higher than the summer (77% vs. 33%). The level of aflatoxin contamination in milk in 14 states in Iran in winter was significantly higher than in summer ([@b12-ijph-41-42]). The mean levels for total aflatoxins in samples in winter and summer were 0.99 ng /g and 0.82 ng/g, respectively. The levels of aflatoxins were in ISIR's recommended range for aflatoxin levels ([@b11-ijph-41-42]). In a study wheat flour samples were analyzed by using ELISA, the mean level of aflatoxin B1 was 0.93 ng/g and 6.5% of samples were higher than the maximum limits set by the worldwide regulations for aflatoxin B1 ([@b13-ijph-41-42]). In another study, 2.54% of samples were contaminated with aflatoxin, and afalatoxin B1, G1 detected in 2.54 and 3.39% of samples, respectively. Total aflatoxin and aflatoxin B1 levels in samples ranged between (1.3 -- 7.1 ng/g) and (1.36--1.78 ng/g), respectively ([@b9-ijph-41-42]).

Zinedine et al. reported the mean level of total aflatoxin and aflatoxin B1 in wheat flour as 0.07 ng/gr and 0.07 ng/g, respectively, and did not found aflatoxin B2, G1, G2 in any sample ([@b14-ijph-41-42]). In Malaysia, 21.7% of samples were contaminated with aflatoxin and aflatoxin G2, G1, B2, B1 detected in 1.2 %, 4.8 %, 4.8 %, 13.3 % of samples, respectively ([@b15-ijph-41-42]). In another study, 41 samples of wheat were analyzed and 59% of samples was contaminated with aflatoxin and the incidence of aflatoxin G2, G1, B2, B1 were 42%, 12%, 37% and 12%, respectively ([@b16-ijph-41-42]). In the study of Halt et al. the mean level of aflatoxin B1 was 16.3 ng/g ([@b8-ijph-41-42]).

Despite the level of aflatoxins in flour samples was not higher than the limits set by Iran Standard Institute but regarding worldwide regulations and the results of many other studies, there were impermissible high aflatoxin level in a considerable number of our samples ([@b10-ijph-41-42], [@b14-ijph-41-42], [@b17-ijph-41-42]).

Geographical location and climatic characteristics and favorable conditions of temperature and humidity, close to the Caspian Sea, agricultural practices, soil characteristics, type of wheat, sampling method and wheat and flour storage condition can affect the contamination level of flour.

Baliukoniene et al. showed that storage conditions have very significant impact on levels of aflatoxin ([@b18-ijph-41-42]). In the summer temperature and humidity are higher and very favorable to mycotoxin production but as can be seen in [Table 2](#t2-ijph-41-42){ref-type="table"} aflatoxin levels in winter was higher than summer. Storage duration of wheat is an important factor in level of aflatoxin contamination in the winter. Because of the wheat harvest was in the first half of year and kept in stocks for months, this storage duration can be a considerable result on high aflatoxin contamination in the winter of the year. Our results also showed that the relationship between humidity and the rate of total aflatoxin was significant.

Basilico showed that fungal growth and toxin production were interaction between fungi, host and environment that can influence the types and quantity of toxin produced by the fungus ([@b19-ijph-41-42]). It is known that the crop varies, weather pattern, temperature, humidity, water activity, level of oxygen, poor storage condition, inadequate drying, activity of insects or rodents and other problems affect *Aspergillus* growth and aflatoxin production in storage products stored ([@b20-ijph-41-42], [@b21-ijph-41-42]).

Conclusion
==========

We found that the level of aflatoxins in flour samples was not higher than the limits set by Iran Standard Institute. But, regarding worldwide regulations and the results of many other studies, a considerable number of our samples were contaminated with impermissible high levels of aflatoxins, especially aflatoxin B1. In our study humidity, was the most important factor associated with aflatoxin contamination of flour.

Due to the important role of aflatoxin contamination, especially negative effect of aflatoxin B1 on public health, efforts should be conduct to prevent the contamination, since prevention is the most economical and practical approach. Controlling environmental factors such as storage duration, temperature and humidity can help us with achieving this goal.
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###### 

Storage condition at the time of sampling

  **Variable**                       **Winter**     **Summer**   ***P*-value**
  ---------------------------------- -------------- ------------ ---------------
  Humidity (%)(mean ± SD)            43 (10)        63 (6)       \<0.001
  Temperature (°C) (mean ± SD)       18.35 (2.95)   28.87(2.2)   \<0.001
  Storage duration of flour - Day    5              6.5          =0.04
  Storage duration of wheat -- Day   205            23           \<0.01

###### 

Occurrence of aflatoxins in hot and cold season

  **Types of aflatoxin**   **Mean (SD) ng /g**   **Proportion of contamination (%)**                  
  ------------------------ --------------------- ------------------------------------- --------- ---- ----
  G1                       0.55(0.93)            0.11(0.34)                            \<0.001   85   51
  G2                       0.59(0.62)            0.13(0.191)                           \<0.001   70   26
  B1                       0.53(0.87)            0.5(2.6)                              0.9       77   33
  B2                       0.30(0.71)            0.07(0.32)                            0.004     98   37
  Total                    0.99(1.96)            0.82(3.05)                            0.002     99   70

###### 

relationships between aflatoxin levels and characteristics of silos in two seasons[^\*^](#tfn1-ijph-41-42){ref-type="table-fn"}

  **Types of aflatoxin**      **G1**        **G2**        **B1**        **B2**        **Total**     
  --------------------------- ------------- ------------- ------------- ------------- ------------- -------------
  Temperature                 summer        0.12 (0.22)   0.21 (0.36)   0.22 (0.02)   0.21 (0.04)   0.21 (0.03)
  winter                      0.11 (0.28)   0.10 (0.33)   0.16 (0.10)   0.02 (0.79)   0.08 (0.41)   
  Humidity                    summer        0.07 (0.49)   0.24 (0.01)   0.21 (0.03)   0.20 (0.04)   0.21 (0.03)
  winter                      0.13 (0.18)   0.13 (0.20)   0.33 (0.00)   0.01 (0.85)   0.24 (0.01)   
  Storage duration of wheat   summer        0.12 (0.21)   0.05 (0.62)   0.04 (0.63)   0.08 (0.42)   0.06 (0.50)
  winter                      0.26 (0.00)   0.13 (0.21)   0.15 (0.14)   0.15 (0.13)   0.15 (0.12)   
  Storage duration of flour   summer        0.12 (0.21)   0.05 (0.62)   0.04 (0.63)   0.08 (0.42)   0.06 (0.50)
  winter                      0.26 (0.00)   0.13 (0.21)   0.15 (0.14)   0.15 (0.13)   0.15 (0.12)   

Each cell represents Pearson correlation coefficient (P-value)
